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Abstract: True diversity of geological heritage sites (geosites) is yet to be fully understood. New field
studies of the Khadzhokh Canyon and its vicinities in the Western Caucasus (Mountainous Adygeya
tourist destination, southwestern Russia) have allowed characterizing its geoheritage. Multiple unique
features are assigned to geomorphological, stratigraphical, paleontological, palaeogeographical,
sedimentary, tectonic, hydro(geo)logical, and coupled economical and geoexplorationgeoheritage
types. This geoheritage is highlycomplex, and its rank is national. The unique features include (but
not limited to) three canyons, Triassic stratigraphical sections, Late Jurassic coral reef, megaclast
accumulations, chevron folds, and waterfalls. The geoheritage is distributed along the Khadzhokh
Canyon and its branches. The configuration of thisgeositemakes it possible to propose a new category,
namely dendritic geosites distinguished by continuous occurrence of geoheritage via branching
stripes. Such geosites can be either natural (determined by dendritic drainage network and deep
valley incision) or anthropogenic (determined by dendritic road network with lengthy road cuttings).
In the former case, geosites are also geomorphosites and host viewpoint geosites.
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1. Introduction

International research interest in geological heritage (geoheritage) has grown exponentially
since the mid-2000s. Of special interest are manifestations of unique features, namely geosites.
Geositessensulato (this definition is preferred in the present work) include geological heritage sites
(geositessensustricto) and geomorphological heritage sites (geomorphosites).The basic knowledge
of geoheritage, geosites, and geomorphosites is presented in the synthetic works by Brilha [1],
Henriques et al. [2], Prosser at al. [3], Reynard and Brilha [4], Ruban [5], Strba [6], and Wimbledon
and Smith-Meyer [7]. Generally, these objects represent unique phenomena of geological environment
that are valuable as pieces of natural heritage, and these are also of scientific, educational, and
tourism importance. Brilha et al. [8] and Ruban et al. [9] related such phenomena to ecosystemsand
geosystem services. Geoheritage, geosites, and geomorphosites are also essential objects for geotourism
development [10-12].

Geosites vary significantly, and different approaches have been proposed to classify
them [3,5,13-17]. Generally, it is possible to distinguish geosites by several criteria (e.g., general
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appearance in space, dynamic state, origin of unique features, etc), but the relevant knowledge
remains incomplete. For instance, Migon and Pijet-Migon [18] have recognized recently a new type
of geosites, namely viewpoint geosites, andRuban [19] has made some updates of the earlier geosite
classifications. Two-dimensional (2D) “geometry” of geosites is of special interest because it provides
some important keys for efficient geoheritage mapping. For instance, Ruban [5] and Migon and
Pijet-Migon [18] have recognized point, linear, and areal geosites (this seems to be an example of
a rare coincidence of scientific thoughts—these specialists coined the same terms and for the same
purpose independently from each other). The former are very small geosites looking like points on
even local maps—e.g., these are typical outcrops. Linear geosites are lengthy (up to many kilometers),
but very narrow (out of scale on many maps) exposures of geological phenomena. For instance, these
arecontinuous stratigraphical sections along rivers or roads. Such geosites can be very important in
roadside geotourism [20]. Finally, areal geosites are recognizable on maps, and these may embrace
territories measured by square kilometers. Examples include, particularly, extensive karst fields.
However, the above-mentioned categories embrace only some, if even very common geosites that are
simplyorganized in space. In fact, there may be manifestations of unique phenomena with significantly
more complex “geometry”. The relevant classifications are chiefly of theoretical importance, but these
may be also helpful for some practical purposes, including more precise geosite description, official
delineation, and geo-routes planning.

Field studies in the Western Caucasus (southwestern Russia) have permitted to document a
highlyunique geomorphological and geological feature, namely the Khadzhokh Canyon, which is a
system of several lengthy and deep canyons [5,21].The configuration of this feature is specific and
complex. The main objective of the present contribution is a description of this important geosite
in the ofthe new evidence. Moreover, new field investigations allow not only its re-consideration
and extension of the available knowledge, but these also provide matter to propose a new category
of geosites.

2. Geographical and Geological Setting

2.1. Geographical Setting

The study area is located in southwestern Russia and, particularly, in the southern, mountainous
part of the Republic of Adygeya (one of the regions of the Russian Federation, Figure 1). Geographically,
it belongs to the Western Caucasus, which is a part of the lengthy mountain chain of the Greater
Caucasus stretching from the Black Sea in the west to the Caspian Sea in the east, along the borders of
Russia, Georgia, and Azerbaijan.

Google Earth

Figure 1. Geographical location of the study area (the view provided by Google Earth Engine).
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The Greater Caucasus and, particularly, its western part are formed by several sub-parallel
mountain ranges separated by lengthy depressions. Each of these ranges consists of smaller ranges,
some of which retain local names. In the study area, the main range is the Skalistyy Range with
amaximum height of up to 1000 m. The local name of its part is the Una-Koz Range (Figure 2).
This range is a typical cuesta (such landforms are known from many places of the world, and these
have been studied for more than a century [22-31]), the northern slope of which is very gentle, whereas
the southern slope is steep, with a tall cliff (scarp). Formation of this cuesta is determined by the local
geological setting (see below) where easy-to-erodeshales are overlain by difficult-to-erode limestones;
the latter form a northward-dipping monocline.
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Figure 2. Geomorphological and geological elements of the study area.

The study area is situated in the watershed of the Belaya River, a left tributary of the big Kuban
River flowing to the Azov Sea. The Belaya River crosses the area and flows to the north (Figure 2).
This means it crosses the Skalistyy Range almost perpendicularly. Such correspondence of the range
and the river results in deep (up to 500 m) and active incision of its U-shaped valley, i.e., the Khadzhokh
Canyon (Belaya River canyon). The local tributaries of the Belaya River, namely the Mishoko River and
the Syryf River also form canyons (the Mishoko Canyon and the Rufabgo Canyon, respectively), which
are branches of the Khadzhokh Canyon (Figure 3a). The name of the latter is related to the traditional
name of the town that is officially named Kamennomostskiy (however, Khadzhokh is reserved as
thename of its railway station).

Figure 3. Geoheritage of the study area (part 1): a—general view of the Khadzhokh Canyon and
its branches, b—the central part of the Khadzhokh Canyon, c—the KhadzhokhKlamm, d—minor
epikarst features of the Mishoko karst field, e—the Callovian deposits and megaclasts near
the KhadzhokhKlamm.
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2.2. Geological Setting

Geologically, the study area belongs to the western domain of the Greater Caucasus, which is a Late
Cenozoic orogen developed due to interaction of the Eurasian and Arabian plates and some smaller
tectonic blocks [32-36]. The Khadzhokh Canyon and its vicinities are dominated by Triassic and Jurassic
sedimentary rocks (Figure 2), and this is an example of the typical Tethyan geology. The Triassic deposits
include the Induan—Olenekiansilicicalstics, volcaniclastics, and carbonates, the Anisianlimestones, the
Ladinian—Carnianflysch-like siliciclastics, and the Norian mixed carbonate-siliciclastic deposits with
the total thickness of ~1500 m [37,38]. Their accumulation occurred at the time of significant tectonic
re-organizations on the southern periphery of Baltica that are yet to be understood. These strongly
deformed complexes are exposed in an erosional “window” where the canyons are incised in
the small Triassic tectonic block (Figure 3b) that was uplifted atthe end of the Middle Jurassic.
The Jurassic sedimentary complexes dominate the study area (Figure 2). The Lower-Middle Jurassic
sandstones and shales with the total thickness of up to 10 km [39] are intensively folded and faulted,
and these were accumulated in a back-arc basin that evolved in this territory since the beginning
of the Jurassic and until the end-Middle Jurassic contraction phase followed to be certain tectonic
stabilization [40,41]. These complexes form slopes of the Khadzhokh Canyon. The Lower-Middle
Callovian mixed siliciclasticsand carbonates (~10 m in thickness) are overlain by thick (up to 200 m)
Upper Callovian-Middle Kimmeridgianreef-bearing carbonates (limestones and dolostones) [39,42,43]
that formed in a vast, tropical basin with relatively stable geodynamic regime [41,44]. In contrast to
the underlying deposits, the Upper Jurassic carbonates are deformed only slightly and form a kind of
monocline dipping northward. These deposits cap the cuesta ranges, and they are widely exposed in
cuesta scarps (Figure 3b). The Quaternary deposits include alluvial gravel-sandy accumulations near
DakhovskayaVillage, slope debris deposits, and locally occurring megaclasts (see below, Figure 2).

The very high geoheritage value of the study territory has been recognized for about two decades.
The international team of Triassic stratigraphers and sedimentologists that worked locally in the 1990s
published their comprehensive report in the mid-2000s [37]. Although this report does not deal with
geoheritage directly, the spectacular images of the Triassic chevron folds were placed to the cover of the
journal issue because of their exceptional aesthetic properties. In the end-2000s, RubanandPugachev [21]
provided a comprehensive geoheritage description of the Khandzhokh Canyon. A bit later, Ruban [5]
registered several kinds of unique features, namely stratigraphical, paleontological, palaeogeographical,
sedimentological, geomorphological, hydrological and hydrogeological, engineering, structural,
and geohistorical features (thisclassification is partly outdated now—see [16,19]); although their
uniqueness is chiefly no bigger than regional, the very diversity of the unique features concentrated in
a relatively small object was judged enough to assign this object to the global geoheritage [5]. The next
contributions to the understanding of the canyon’s geoheritagewere made by Lubova et al. [45] who
pointed out the outstanding heritage value of megaclast accumulations in the Khadzhokh and Rufabgo
canyons and then by MikhailenkoandRuban [46] and Mikhailenko et al. [47] who deciphered the
aesthetic attractiveness of the Triassic rock exposures of the Rufabgo Canyon. Anyway, the previous
knowledge of the local geoheritage needs certain systematization, extension, and update in the light of
new investigations.

TheKhadzhokh Canyon is highlyimportant for local tourism development. The study area is
situated in the northern part of the national-scale Mountainous Adygeya tourist destination. The road
stretching through the canyon (Figure 2) is the main “channel” of tourist flow (up to several thousands
of people per day in peak seasons). The Rufabgowaterfalls and the KhadzhokhKlamm (see below) are
important tourist (also geotourist) attractions, as well as the Maiden’s Stone and the Mishoko Park.
Unique geomorphological and geological features with high aesthetic properties are directly employed
in the local tourism activities.
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3. Methodology

There are various principles, criteria, and algorithms for geosite description [1,3-5,13-17,48-51].
However, despite some differences and specific recommendations, it is commonly accepted that such
descriptions should indicate the given geosite location, unique features and manner of their exposure,
complexity, anthropogenic pressure, accessibility, difficulty to understand, aesthetic properties, and
importance to scientists, educators, and (geo)tourists.

Uniqueness determines heritage value of the geosite, and it can be established via qualitative
analysis of the rarity of geological phenomena in a small area (local geosite rank), political and
geological province (regional geosite rank), country (national geosite rank), and the entire world (global
geosite rank) [5]. Unique features can be attributed to several types depending on their nature. In this
study, the classification of geoheritage types proposed by Ruban [5], explained better by Habibi et
al. [16], and updated recently by Ruban [19] is employed. According to the modern version of this
classification [19], there are a total of 19 geoheritage types, namely geomorphological, sedimentary,
igneous, metamorphic, stratigraphical, paleontological, palaeogeographical, mineralogical, tectonic,
economical, engineering, pedological, geochemical, geocryological, geothermal, cosmogenic,
hydro(geo)logical, geohistorical (or geoexploration), and complex types (the latter means co-occurrence
of two and more types). In addition to uniqueness, semi-quantitative evaluation of the geosite by
several criteria is undertaken (Table 1).

Table 1. Criteria used for geositeevaluation in this study.

Criteria Geosite Characteristics Scores

—_

1-2 geoheritage types
Complexity 3-5 geoheritage types
>5 geoheritage types

Small, dispersed outcrops
Exposure Fragmentary outcrops
Lengthy outcrops

Significant modification/big amount of garbage
Anthropogenic pressure Small modification/small amount of garbage
Absent

Geosite location in remote place, special training is required
Accessibility Special training is required for visiting some outcrops
All parts of geosite are easily accessible

Only professional knowledge is required
Difficultytounderstand Some professional knowledge is required
Clear to all people

Nothing special comparing to the surrounding landscape
Aesthetic properties Some peculiar features (unusual color of rocks or landform shapes, etc.)
Aesthetically distinct features, panoramic views, etc.

Low
Importance to scientists Medium
High

Low
Importance to educators Medium
High

Low
Important to tourists Medium
High
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The present study is based on the results of the 2012-2019 field campaigns when the entire
Khadzhokh Canyon and its vicinities have been visited and documented with attention to potentially
unique features. This information coupled with some evidence published earlier [5,21,37,45-47]
permits a new description of this geosite, mapping spatial distribution of geoheritage types within
this geosite, and establishing their ranks (or re-consideration of the earlierestablished uniqueness).
Special attention is paid to documentation of the somewhat unusual configuration (2D “geometry”) of
this geosite.

4. Results

4.1. Geosite Outline

The Khadzhokh Canyon and its branches are proposed as a single geosite with the area of ~3 km?
that is located between Kamennomostskiy town in the north and Dakhovskaya Village in the south
(Figure 2). The geoheritage value of this object was first established more than a decade ago [21] and
then proven [5]. In fact, there are several canyons (Khadzhokh, Rufabgo, and Mishoko canyons, as
well as some smaller stream valleys) in the study area, and, thus, it is better to label this geosite as the
Khadzhokh Canyon System geosite.

The unique features are both numerous and diverse, and these can be attributed to several
particular geoheritage types (see below). These features are exposed chiefly in natural outcrops along
the rivers, roadcuttings, and cuesta scarps. Because of the diversity of unique phenomena, the entire
geosite can be assigned to the complex type. Moreover, it is evident that the geomorphological features
determine the very existence of this geosite. If so, the geomorphological features can be assigned to the
dominant type (sensuRuban [5]), and the other types are non-dominant.

4.2. Dominant Geoheritage Type

The geomorphological type of geoheritage is represented in the study area by three large canyons,
the KhadzhokhKlamm, and the Mishoko karst field. The Khadzhokh Canyon is the main landform
dominating the study area (Figure 3a,b). Its eastern slope is known as the Una-Koz Range. The canyon
has atypical U-shaped profile, and itis asymmetric in plan (Figure 2). Near the northern entrance, it
is very narrow (just a few dozens of meters), and its slopes are steep, but relatively low. Near the
southern entrance, the canyon is wide (up to 2 km), and its slopes are gentler, but very tall. This kind
of asymmetry is fully determined by the local geological setting and, particularly, the relation of the
landform to the Upper Jurassic monocline.

Two smaller canyons (Figures 2 and 3a) are branches of the Khadzhokh Canyon, and these
have been formed by an incision of the tributaries of the Belaya River. It cannot be excluded that
their position is controlled by faults. The Rufabgo Canyon formed by the Syryf River has a length
of ~3.5 km, width of 50-200 m, and depth of up to 500 m. Its slopes are very steep. This canyon
has two levels (“steps”). The lower level is formed by the Triassic rocks (the Anisianlimestones and
the Ladinian—Carnianflysch-like siliciclastics), and the upper level is formed by the Upper Jurassic
limestones. The lower level is traced up to 2 km upstream from the mouth of the Syryf River, and the
upper level is present everywhere. The Mishoko Canyon has comparable parameters, but it is shorter
(~2 km).

The northern entrance to the Khadzhokh Canyon is so narrow (just 1-3 m somewhere) that
looks like a fissure in the hard Upper Jurassic carbonates (Figure 3c). The slopes are either vertical or
“hanging”. Natural bridges existed there in the historical times, but these are destroyed now. Such a
landform can be defined with the German term “Klamm”. Although the latter is used very rarely in
the professional literature [52], it is well suitable to describe the morphology of what is defined as the
KhadzhokhKlamm [21].

Sub-horizontal surfaces of the Upper Jurassic carbonates exposed along the scarps of the Una-Koz
Range are karstified extensively, especially near the Mishoko Canyon (Figure 2). Epi- and endokarstare
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very typical to Mountainous Adygeya [53], and the Mishoko karst field hosts numerous karren
(Figure 3d) and small (up to 5 m in diameter) karst sinkholes that are often connected with cavities
and even full-scale caves in the rock massif. The noted epikarst forms are quite common for the karst
areas [54-60], and the Mishoko karst field provides a very typical representation of karstification of
surfaces corresponding to gentle slopes of cuestas near their scarps.

Generally, the entire geomorphological type is characterized by certain diversity. The relevant
features are often impressive by their size (Khadzhokh Canyon) or have an unusual view
(KhadzhokhKlamm), but comparable landforms can be found in several if not many places of
the Greater Caucasus, and they are unique only on the scale of the Western Caucasus. If so, the rank
of this geoheritage type is regional. Geomorphological elements constitute the very essence of the
analyzed geosite, and these are distributed everywhere within the latter. However, a concentration of
unique geomorphological phenomena is registered in the northern part of the geosite (Figure 2).

4.3. Non-Dominant Geoheritage Types

The stratigraphical type of the Khadzhokh Canyon System geosite includes two important features.
The first is one of the most complete successions of the Triassic of Russia. Lengthy exposures along
the Belaya and Syryf rivers represent all stages of the Triassic, except for the Rhaetian [37,38]. The
importance of this succession is diminished by two circumstances, namely the rarity of fossils and
intense tectonic overprint by folds and faults. As a result, it is difficult to establish the age of some units
and to correlate fragments of the same section. The second unique feature of this type is the stratotype
section of the Kamennomostskaya Formation (Lower-Middle Callovian mixed siliciclastics and
carbonates) in the natural outcrops of the Belaya River valley near the KhadzhokhKlamm (Figure 3e).
This lithostratigraphical unit overlies the Upper Triassic shales with angular unconformity, and the latter
represents the start of the new cycle of sedimentation. This section is not only important as a formation
stratotype [39], but its uniqueness is also determined by exceptional condensation (the thickness is
only ~7 m), which permits studying the stratigraphical patterns of this phenomenon [61-63]. Both the
above-mentioned features are unique for the territory of the Western Caucasus and provide information
on the regionalstratigraphical units. If so, the rank of the stratigraphical type of geoheritage is regional.
Spatial distribution of this type is limited to the occurrence of the Triassic and Lower-Middle Callovian
outcrops in the northern and central parts of the study area (Figure 2).

The paleontological type of geoheritage is represented locally by two fossil localities. The first is the
above-mentioned stratotype section of the Kamennomostskaya Formation where marine invertebrates
(ammonites, belemnites, bivalves, and brachiopods), fossil wood, and trace fossils have been found in
significant amounts [39,64]. The most numerous are representatives of bivalve genera Chlamys and
Radulopecten. The second locality is linked to the Khadzhokhquarry (see below) where numerous
bivalves and brachiopods occur in the Oxfordianlimestones (their identification and description are
yet to be done). Although both localities provide some important paleontological material, they have
quite numerous analogsin Mountainous Adygeya [65], and, thus, the rank of the paleontological type
of geoheritage is no more than local. The distribution of this type is limited to the northern part of the
study area.

The paleogeographical type of geoheritage includes various features exposed in many places of
the Khadzhokh Canyon System geosite. The Triassic sedimentary rocks represent a broad spectrum of
depositional environments [37]. From them, the most interesting are the Ladinianflysch-like siliciclastics
that mark an episode of strong deepening of the marine basin. On the global scale, the sea level was
relatively moderate in the Ladinian, without any extraordinary rises [66]. Therefore, the deepening
was a local/regional eventlimited to the Western Caucasus. The Jurassic deposits also differ facially.
The Lower-Middle Jurassic dark-colored shales reflect accumulation in a deep, poorlyoxygenated
basin [44], whereas the Upper Jurassic carbonates represent a big carbonate platform evolved on
basin shelves [42,43]. Of special importance are coral reefs registered by Guo et al. [42] to the south
of Kamennomostskiy. Although these paleogeographical features are notable, their uniqueness is
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restricted to the study area, and these have analogson the adjacent territories. If so, the only local rank
can be assigned to the paleogeographical type of geoheritage. Nonetheless, this type is characterized
by wide distribution within the geosite due to excellent exposure of the rocks representing the noted
depositional environments.

The sedimentary type of geoheritage includes several features that contrast withtheir uniqueness.
On the one hand, there are common sedimentary rocks like conglomerates, sandstones, shales,
limestones, and dolostones. No specific features are linked to them, and, thus, these rocks cannot be
judged unique even locally. On the other hand, the Khadzhokh Canyon and its branches host numerous
megaclasts, i.e., clastic particles more than 1-2 m in diameter (Figures 3e and 4a). Their accumulations
are found in the Rufabgo Canyon and the KhadzhokhKlamm [45] (Figure 2). Some megaclasts also
occur on the Khadzhokh Canyon slopes and at its bottom. A representative example is the Maiden’s
Stone—a big megaclast with amaximum lengthof >10 m that is situated in the very midst of the
Khadzhokh Canyon [45]. Inthe study area, the size of megaclasts differs from 1-2 m to >15-20
m. Their origin is linked to the collapse of huge blocks of Upper Jurassic carbonates from cuesta
scarps.Megaclasts are in the focus of modern research, but these are rare features, often restricted
to coastal zones [67-74]. Finding their significant accumulations (e.g., dozens of megaclasts form
a specific sediment cover at the bottom of the Rufabgo Canyon) outside the coastal zone provides
sedimentological evidence of outstanding importance for correctlyclassifying and genetic interpretation
of megaclasts and megaclast deposits.Megaclasts of the Khadzhokh Canyon System geosite are unique
on the scale of the Western Caucasus, and, thus, the rank of the sedimentary type of geoheritage is
regional. This type is distributed widely within the geosite-megaclast accumulations are found in the
Rufabgo Canyon and the KhadzhokhKlamm, and all three canyons host many megaclasts occurring
individually (Figure 2).

Figure 4. Geoheritage of the study area (part 2): a—megaclasts of the Rufabgo Canyon (D.A.R. stays
for scale), b—chevron folds in the Triassic deposits, c—the Shum waterfall, d—the Khadzhokh quarry

and the Krasnoe artificial lake, e—panoramic view of the Mishoko Canyon demonstrating the aesthetic
potential of this point to (geo)tourists (A.V.M. stays for scale).

The tectonic type of geoheritage includes two notable features, namely chevron folds in the
Triassic deposits (Figure 4b) and the angular unconformity between the Norian and Callovian deposits.
The folding is seen in continuous rock exposures along the Belaya, Syryf, and Mishoko rivers, and the
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unconformity is found in the KhadzhokhKlamm. Both features mark contraction phases in the regional
evolution (the pre-Jurassic and mid-Jurassic tectonic events), but these can be also related to the Late
Cenozoic growth of the Greater Caucasus orogen. Some important interpretations of these tectonic
elements were proposed by Gaetani et al. [37], but further detailed investigations are necessary to
decipher the origin and the age of the folding and the angular unconformity. These features are rare on
the scale of the Western Caucasus, and, thus, the rank of the tectonic type of geoheritage is regional.
The spatial distribution of the chevron folding is wide (the central part of the Khadzhokh Canyon and
significant portions of the Rufabgo and Mishoko canyons).

The hydro(geo)logical type of geoheritage is represented, first of all, by the Rufabgo waterfalls
of the Syryf River. The most known and accessible from them is the Shum waterfall with aheight
of ~7 m (Figure 4c). Its scarp is formed by the hard Triassic limestones. There are also some other
waterfalls on this river, its small tributaries, as well as on the Mishoko River. The Rufabgo waterfalls
serve as an important tourist attraction in Mountainous Adygeya, but there are many other waterfalls
in the Western Caucasus [75], and, thus, the rank of the hydro(geo)logical type of geoheritage is local.
The spatial distribution of this type is limited to the tributaries of the Belaya River (Figure 2), the
incision of which is not so strong to form a straight profile like the much bigger Belaya River. Inthe
study area, there are other hydro(geo)logical objects like a small spring in the midst of the Khadzhokh
Canyon and the Krasnoeartificial lake in the Khadzhokhquarry (Figure 4d). However, these are very
ordinary objects, with very limited (if any) uniqueness. The activity of the Belaya River is also notable,
but its effects are chiefly geomorphological and these are considered together with the dominant
geoheritage type.

The coupled economical and geoexploration types of geoheritageconstitute the only
Khadzhokhquarry. This quarry was operated in the mid-20th century for the purposes of Oxfordian
limestone extraction (Figure 4d), and it is one of the biggest mining-related objects of the Republic
of Adygeya. It also reflects the history of the regional exploration of geological resources. However,
there are many other quarries in the Western Caucasus, and, thus, the rank of the Khadzhokhquarry is
no more than local.

4.4. Other Geosite Characteristics

The Khadzhokh Canyon System geosite is highlycomplex because its unique features are attributed
to nine geoheritage types co-occurring and intersecting in space. However, the ranks of the types
are local (fivetypes) and regional (fourtypes). As for the entire geosite, it appears to be questionable
whether it can be assigned to the global rank as earlier proposed [5]. On the one hand, the coincidence of
multiple, essentially different unique features means that the uniqueness of the geosite is much higher
than the uniqueness of its constituents taken separately. On the other hand, none feature is ranked
higher than regional. There are three additional arguments in favor of high rank. First, some unique
features are very typical and have analmost textbook view. These include the Khadzhokh Canyon
itself, the megaclast accumulations, the chevron folding, and the waterfalls. Second, the Khadzhokh
Canyon System geosite is distinguished by outstanding aesthetic properties recognized earlier [45—47]
(see also the cover of the journal issue where [37] is published). Third, this geosite has become already
an important (geo)tourist attraction. In regard to all these considerations, the rank of this geosite can
be established as national. It should be stressed that this rank is established on the basis of the ranks
of the geoheritage types related to the uniqueness (rarity) of the relevant features (see above) and
the number of co-existing types (this approach is noted in [5]). Further procedures require an official
listing of this geosite as a national geological heritage monument (this status is allowed by the Russian
law), its delineation, and formal inclusion into the catalogsof the Russian protected areas. Thus, the
present rank evaluation is a scientific proposal that forms the basis for the following steps.

The evaluation of the analyzed geosite by the criteria is given in Table 2. The relevant explanations
are provided below. Generally, the mean score is high, which indicates the outstanding quality and
importance of this geosite.



Geosciences 2020, 10, 181 10 of 17

Table 2. The Khadzhokh Canyon System geosite evaluation.

Criteria Geosite Characteristics Scores
>5 geoheritage types 3
Exposure Lengthy outcrops 3
Anthropogenic pressure Small modification/small amount of garbage 2
Accessibility Special training is required for visiting some outcrops 2
Difficulty-to-understand Some professional knowledge is required 2
Aesthetic properties Aesthetically distinct features, panoramic views, etc. 3
Importance to scientists Medium 2
Importance to educators High 3
Important to tourists High 3

MEAN 2.6

The anthropogenic pressure in the Khadzhokh Canyon System geosite is minimal, and it is linked
to the growth of tourism infrastructure (construction of trails, guest houses, and parking) and road
maintenance (slope stabilization requires some engineering solution). However, crowds of tourists
change the meaning of the local scenery, which becomes less natural. On the one hand, such changes
are inevitable, but, on the other hand, they may affect the aesthetic judgments of tourists based on
scenery perception through the natural-unnatural frame [76,77].The accessibility of the geosite is
perfect. First, the road stretches along the Khadzhokh Canyon on the right bank of the Belaya River
(Figure 2). Second, there are well-established trails along the left bank of the Belaya River, the Rufabgo
Canyon, the KhadzhokhKlamm, and in the southern vicinities of Kamennomostskiy. Many unique
features can be accessed easily and examined in detail. The only exception is the Mishoko Canyon,
which is accessible for only well-trained tourists. Some tourists can also find it difficult to reach the
middle part of the Rufabgo Canyon.Additionally, panoramic views can be seen from the road inside
the canyon, as well as from the cuesta ranges (Figure 4e). Two notable viewpoints are available on the
border of the Khadzhokhquarry and the Mishoko karst field.

Understanding the essence of the majority of the unique features of the Khadzhokh Canyon System
geosite requires professional knowledge of visitors or professional interpretation by speciallytrained
guides, which is a kind of challenge for the local geotourism development. Nonetheless, this
geosite is of extraordinary importance for different groups of visitors. Geoscientists can investigate
various phenomena. Particularly, the study area provides material for deciphering the cuesta range
development, Triassic stratigraphy, Callovian bivalve evolution, and megaclast nomenclature and
genetic models. The probable occurrence of Late Paleozoic granitoids in the central part of this area,
and the onyx localities in its northern part need further investigations; if proven, the presence of these
features will permit to establish the igneous and mineralogical types of geoheritage. Geoeducators
have used this geosite for many decades, andvisits there are included infield excursions of geoscience
programs of several big universities of Russia. Finally, the tourist importance of this geosite and,
particularly, the Rufabgo waterfalls and the KhadzhokhKlamm is very significant, as these are among
the most popular attractions in the Mountainous Adygeya tourist destination.

5. Discussion and Conclusion

A really interesting characteristic of the Khadzhokh Canyon System geosite is its configuration
in space (Figure 2) that cannot be described as either linear or areal. It is not linear because the
unique features occur along several rivers as lengthy, interconnected stripes (Figure 5). It is not areal
because the unique features do not occur on wide, gentle slopes of the cuesta ranges covered by
dense vegetation. If so, it is sensible to propose a new category of geosites on the basis of the 2D
“geometry” of the Khadzhokh Canyon System. The unique features are distributed chiefly along the
Belaya River and its tributaries (Figure 5). This configuration resembles tree roots, and the word
“dendritic” seems to be suitable to define it. This word is actively used in geoscience literatureto
define drainage networks [78-84], deglaciation-related landforms [85-89], mineral aggregates [90-92],
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and some other phenomena. This word has been also applied to canyons [93], especially submarine
canyons [94-100]. The main distinction of dendritic configuration is branching. The latter is typical for
the only canyons of the study area, as well as to the distribution of the relevant geoheritage. In addition
to the Khadzhokh Canyon and its two main branches, there are smaller valleys formed by tributaries
of the Belaya, Syryf, and Mishokorivers. Although these are not lengthy, they often bear exposures of
unique features such as the Triassic sedimentary rocks.

Geoheritage types

gm - geomorphological

st - stratigraphical te
pl - palaeontological

pg - palaeogeographical
se - sedimentary

pl gctge

tc - tectonic F————xhy
hy - hydro(geo)logical
ec+ge - economical and

geoexploration

hy

1 km
| IS
gmP9

Figure 5. Distribution of geoheritage types in the Khadzhokh Canyon System geosite.

The evidence from the Khadzhokh Canyon System geosite permits to define dendritic geosites
as big geosites where the geoheritage is distributed continuously via branching stripes (Figure 6).
Three important remarks are necessary. First, these geosites should demonstrate integrity via the
connection of unique features. Alternatively, these are the sets of smaller geosites (Figure 6). Second,
unique features should present in all parts (branches) of a given dendritic network. For instance,
it would be unreasonable to recognize any canyon as a dendritic geosite if only one branch of this
canyon is a unique landform (e.g., because of its depth) or if geologicallyunique features concentrate
in the only part (branch) of this canyon (Figure 6). Third, geoheritage should be restricted to narrow
stripes (e.g., along river valleys); alternatively, this is an arealgeosite (Figure 6). The difference between
areal and dendritic geosites is stressed above. However, it is not very strong because dendritic geosites
may occupy a large area and the distance between the branches can be short in the case of a highlydense
drainage network. That is why some dendritic geosites may be understood (if this is required by
any research or practical purpose) as a kind of areal geosites. However, this is not the case of the
Khadzhokh Canyon System geosite, particularly, because of certain simplicity of its shape (Figure 5).
Such dendritic geosites can be also called branchinggeosites.

DENDRITIC
GEOSITE
~ rivers
B geoheritage
SEVERAL POINT LINEAR AREAL
GEOSITES GEOSITE GEOSITE

Figure 6. Differences of dendritic geosites from the other categories of geosites.
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The geoheritage distribution in the Khadzhokh Canyon System geosite is continuous, and the
geoheritage types co-occur and intersect in space (see above). Rather diverse unique features are found
almost everywhere in this geosite (Figure 5). Moreover, there are features that occur in only “remote”
parts of the geosite where the other features are not abundant; e.g., this is the case of theMishoko karst
field. Undoubtedly, many dendritic geosites correspond to dendritic drainage networks with deep
incision of valleys (either canyons or not), which allow continuous exposure of the rocks. A typical
setting is characterized by Howard [93]. Such geosites are often (if not always)geomorphosites
(sensu [49,101-103]) because of certain landform uniqueness, and these are often viewpoint geosites
(sensu [18,104]) offering panoramic views from tall slopes (Figure 4e). However, dendritic geosites
can have another origin too.Roadcuttings may expose unique geological features over significant
distances [3,16]. Previous studies realized the importance of roadside geology in geoeducation [105]
and geotourism [20]. If roads of a given area form a dendritic network and their cuttings exhibit
precious geological information, a dendritic geosite can be recognized.In regard to the above-said,
dendritic geosites can be both natural and anthropogenic (Figure 7). Anyway, it should be stressed
that not all geosites located along rivers or roads are dendritic because drainage and road networks
may differ substantially by their configuration. The density of river and road networks (if even these
are just branching) also influences geosite shape.

NATURAL DENDRITIC GEOSITE

ANTHROPOGENIC DENDRITIC GEOSITE
s #~ Tivers
roads

B geoheritage

Figure 7. Dendritic geosites of different origin.

As noted above, classification of geosites on the basis of their shape is chiefly of theoretical
importance. Nonetheless, some practical implications are also evident. First, judging any given geosite
as dendritic leads to its more precise description emphasison peculiar shape. Second, the distinction of
areal and dendriticgeosites may be helpful for a better understanding of how a given geosite should
be delineated officially (especially in regard to possible land-related disputes). For instance, the
Khadzhokh Canyon System geosite requires official designation as a protected area (the Russian law
allows this), and for this purpose, it should be characterized so to stress that the area with a special
status will include only narrow stripes along the rivers, whereas the area between the branches doesnot
require protection as it does not exhibit any geoheritage. Third, the label “dendritic” may be useful for
geotourism practitioners, as it provides a clear idea of how geo-routes should be planned within such
a geosite, i.e., these routes should follow rivers or roads.

Conclusively, the Khadzhokh Canyon System geosite in the Western Caucasus is a complex,
nationallyranked geosite. Its unique features are assigned to nine geoheritage types, and finding some
other types in the future is not excluded. Continuous distribution of geoheritage along the branching
canyon system allows recognition of a novel category, namely dendritic geosites. Further investigations
in the Khadzhokh Canyon and its vicinities should be aimed at finding the evidence of additional,
potentially unique features. More generally, dendritic geosites have to be found in the other regions of
the world and compared to the Khadzhokh Canyon System geositeof the Western Caucasus.
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